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Introduction

Background and Objectives

Sediments on Guam's fringing reefs can be grouped into two broad
categories. The first category of sediments is composed predominantly
of organic carbonates derived from the skeletal remains of reef organisms
and are thus called bioclastics. Such sediments are continuously pro-
duced with their composition and distribution being dependent upon the
activities of grazing fishes, urchins, burrowing sponges, sipunculans,
bivalves, and on factors such as community structure, wave exposure,
current patterns, and reef morphology. The second category of sediments
is composed mostly of detrital materials derived from the physical and
chemical decompésition of the volcanic rocks of southern Guam. These
materials consist of clay, silt, sand, rubble, organic detritus, and
various kinds of dissolved materials.

Although reef communities are certainly affected by bioclastic
sediments generated within the reef system, the organisms associated
with reefs are generally adapted to such continuous long-term patterns of
production and distribution. Sedimentation from terrestrial sources,
though, is not so uniform in distribution and time. It is usually
concentrated at river mouths and it comes in the form of pulses associated
with periods of heavy rainfall regulting in high stream discharge rates.
During periods of low rainfall, discharge is low and the water is rela-
tively clear. Reef morphdlogy and community structure are thereby natur-
ally altered and adjusted to these rather unpredictable pulses of sedi-
mentation near river and stream mouths which depend upon the size and
nature of the drainage basin,

One of the principal effects on the marine environment from urban-
ization, agricultural and industrial development, and dredging and filling
in of coastal areas is the impact of increased rates of sedimentation on
the nearby reef systems. The effect of such activities on these reef
systems range from negligible to catastrophic. It is well documented
(Van Eepoel and Grigg, 1970; Maragos, 1972) that sedimentation has an
adverse effect on planula gettlement, coral growth, and reef development.
Many other organisms associated with reefs are also badly affected. The
development of fringing reefs is conspicuously altered, reduced, or
absent in coastal river embayments where sedimentation rates are high.

A gradient of decreased coral diversity is found from the mouths to the
heads of these embayments. Such embayment areas can be used as natural
laboratories to study the effects of terrestrial sediments on fringing
reef systems.

Studies were conducted at two different river embayment locations
to relate community structure to natural suspended sedimentation rates
(Fig. 1). Ylig River and La Sa Fua River were selected as study sites



Fig, 1 . Map of Guam showing the study sites at Fouha and Ylig Bays.



because a gradient of sedimentation rates were found where corals and
. most associated reef organisms are completely absent at the heads of
the embayments, and become a diverse and well developed reef community
at the mouths of the embayments.

The study was approached by measuring suspended sedimentation rates,
total solids, pH, salinity, temperature and,nutrient contents (phosphates
and nitrates) in the water.at eight stations along the gradient from
the river mouths to the reef margins at La Sa Fua River (Fig. 2) and
Ylig River (Fig. 3). These six factors will be analyzed for correlation
with the biological components of the coral reef community.

By comparing the natural gradients of suspended sedimentation rates
and community structure from the mouth to the head of these embayments,
a cause and effect relationship can be determined. These values can be
programmed with data from other reef environments to predict sedimentation
impact due to increased input from land and coastal developments. These
data will also be wvaluable in establishing performance standards for
allowable sedimentation rates in reef environments.

General Description of the Bays

Although the geographic place names for the Fouha and Ylig study
sites are refered to as bays (Figs. 2 and 3), the overall morphology of
the two regions are more like submarine channels that penetrate through
the fringing reefs from the outer margins to the river mouths at the
shoreline., The sides of the submarine channels consist mostly of very
steep slopes and cliff faces that are locally overhanging at many places
along the upper part, and mostly steep slopes with fewer cliffs and over~
hanging walls along the lower part. The lower channel slopes at most
places are buttressed with large boulders and blocks that have slumped
dowvnward from the upper channel walls, Some of the larger blocks are two
or more meters across and give the lower channel areas much of their
irregular relief. The channel floors composed for the most part of
unconsolidated sediments of an undetermined thickness with a few mounds
and pinnacles scattered along their length. In cross-section, at any one
location, the channel floors are relatively flat, but along their length
they slope gently downward from the river mouths in a seaward direction.
Water depth in the channels range from 3 to 4 meters at the head to about
10 meters near the mouth at Fouha Bay and from 3 to 4 meters at the head
to about 25 meters near the mouth at Ylig Bay. The principal physiographic
features of the channel reefs and water depth are shown in vertical profile

at each suspended sediment station at Fouha Bay in Figure 4, and at Ylig
Bay in Figure 5.

Although the reef channel at Ylig Bay 1s considerably larger and
somewhat deeper at the mouth than that at Fouha Bay, the principal
differences between the two regions appear to be in the larper size of the
drainage basin, and greater average, peak, and low flow discharge rates
at the former. The drainage basin of the Yiig River is 6.58 sq. miles and
based upon a 13 year period the average flow was 28.2 cfs, peak discharge

3
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was 4900 cfs on September 9, 1963, and minimum discharge was .5 cfs on
June 2, 1965. The drainage basin of the La Sa Fua River is 1.93 sq.

miles and based upon a 5 year period the average flow was 4.43 cfs, peak
discharge was 1050 cfs on October 15, 1953, and minimum discharge was

.29 cfs on May 11, 1958. Discharge data are taken from the Geologic Survey

Water Supply Paper 1937 (1971).

Zonation Patterns

Because of the variation in reef physiography, community structure
of the corals, and depth of the channel floor where the sediment trap
tubes were placed, the channel reef in the vicinity of each suspended
sediment station was divided into four zones.

The uppermost zone is the channel margin which consists a narrow
peripheral band or shallow terrace 2 to 10 meters wide along the upper
edge of the channel that retains water during low spring tides. The
topography of the channel margin i1s irregular because of scattered holes
and small knobs and pinnacles on the surface.

The channel wall is divided into two zones consisting of an upper
slope and lower slope. The upper slope extends downward from the upper
edge of the channel wall to the depth of the sediment trap tubes (3.8 to
4.6 meters ) and the lower slope extends down to the unconsolidated
sediments of the channel floor. The boundary between the upper and lower
slopes is not a natural physiographic division, but was arbitrarily
established to divided the channel wall into two coral communities--one
above the sediment tube traps and one below them.

The fourth and lowermost zomne is the channel floor which for the most
part consists of a mixture of bioclastic sediments of reef origin and
volcanic detrital sediments of terrestrial origin. A few boulders, blocks,
and rocky mounds and pinnacdles protude upward through the sediments here
and there.



Methods

Physical and Chemical Characteristics of the Water

The physical and chemical characteristics of the water were sampled on
four dates at three-month intervals in 1977, at ten stations in Fouha Bay
and at eight stations in Ylig Bay. The sampling sites were each within a
few decimeters of the apertures of the sediment trap tubes of each of the
stations.

Water temperature was measured with a protected field thermometer
which was taken underwater and laid near the sediment trap tubes for at
least two minutes to allow the thermometer to equilibrate,

Water was sampled for chemical analysis by opening and closing the
polyethylene sampling bottles underwater at the sampling stations. The
bottles were then placed in an ice chest and transported to the freezer
in the Water Resources Research Center (WRRC) laboratory room at the
Marine Laboratory. The samples were analyzed for NO3-N, NOy-N and PO,-P
by the WRRC staff according to the methods of Strickland and Parsons (1968).

Salinity and pH were measured in samples brought to the surface in
a plastic freezer jar. An American Optical Corporation refractometer
was used to measure salinity. A Corning Model 610A portable pH meter was
used to measure pH. '

Measurement of Suspended Sediment Load

The suspended sediment load in the water column was measured at ten
selected stations in Fouha Bay and at eight stations in Ylig Bay. Half
of the stations were located along the north side of each bay and the
other half of the statlons were located at comparable locations along the
south side of each bay. The first pair of stations (one on the north
side of the bay, the other on the south side) was located where the first
living coral colony was found as we swam seaward from the mouth of the
river that emptied into the bay. The second pair of stations was found
where living corals first became prevalent. The third pair of stations
was located where the first living colony of Acropora was found and the
fourth pair of stations was located where we judged the reef to be well
developed and rich in species. A fifth pair of stations was established
at Fouha Bay where the extent of coral cover and species richness have
declined markedly as we moved seaward of the fourth stations., Stations
were all-established at depths of 3.8 to 4.6 m.

Suspended sediment load trap tubes consisted of PVC pipe (41 cm in
length) that were strapped in groups of four (for replicate samples) to
rebar rods. The rebar rods were hammered into the reef at the sampling
stations to mark the location of the station and to keep the sediment tubes
standing upright (see cover photograph). The apertures of half of the tubes
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were bevelled and the aperatures of the other half of the tubes were left
truncated (Fig, 6) to test for the differences in sampling results from
these two sets of tubes. No significant differences inresults were found,
so the data from these two sets of tubes were pooled.

The aperture diameters of the tubes made from the PVC pipes ranged
between 22.75 and 24.25 mm (23.7 + 0.44 mm), therefore the areas of the
apertures ranged from 4.06 to 4.62 cn? X = 4.4 cm2).

The tubes were left out for 6 weeks if possible. On one occasionm,
hazardous surf conditions prevented us from collecting the tubes on
schedule. The data from delayed collection were each corrected for
comparison with data from six-week exposires as explained in the tables
in which the data were given.

Rubber stoppers were placed in the apertures of the tubes before
the tubes were ccllected and brought te the laboratory. At the Marine
Laboratory, the sediment was rinsed from the tubes into clean beakers that
had been previously weighed and labeled, Distilled water was poured into
the beaker. The sediment was then allowed to settle for 24 hours. The
water was then decanted and this rinsing procedure was continued for four
days (four rinsings, each once a day) to get rid of the salts from the seawater.
Then, after the fifth decanting, the beakers with the sediment were placed
in the drying oven for four days at 80°C. On the fifth day, the beakers
were placed in a desiccator and allowed to reach room temperature beside the
microbalance overnight., The beaker with dried sediment was then weighed
and the weight of the empty beaker was substracted.

Corals

The community structure of the corals was assessed at four zones in
the vicinity of each of the suspended sediment stations (N~1 through N-4
and S-1 through S5-4) at Fouha and Ylig Bays. The parameters assessed at
each station were species diversity, frequency of occurrence, density,
percent of substrate coverage, and colony size distribution data (Y -
average size, s-standard deviation, and w-size range). The fifth pair of
stations at Fouha Bay were assessed only for percent of substrate coverage.

Frequency of occurrence, density, and percent of substrate coverage
were calculated by using a point-quadrat method. The quadrat consists of
a square frame, 35 cm on a side, that was divided into a grid of 49 inter-
secting points by small plastic lines spaced 5 cm apart. The quadrat was
randomly tossed at each of the four channel reef zones within an area that
extended ten meters to the left and right of each sediment trap station.

Frequency of occurrence of a species within a zone was determined by
totaling the number of quadrats that the species was present and dividing
it by the total number of tosses. Percent of substrate coverage for each
species within a zone was calculated by totaling the number of quadrat
points overlying the species for all the quadrat tosses and dividing it
by the total number of possible points (49 x number of tosses) X 100.
Density of a specles within a zone was determined by totaling the number of
occurrences of the species within the quadrat for all the quadrat tosses

10



Fig. 6. Bevelled and truncated apertures on a set of suspended
sediment load trap tubes.
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and dividing it by the total area of all the tosses. A coral was considered
to be within the confines of the quadrat if more than half of its area was
inside the quadrat frame. Colony size distribution data for each species
within a zone was calculated by recording the name and diameter, or greatest
length and width, of all the colonies that occurred withing each quadrat
toss. In order to acquire a greater number a data for size distribution
calculations, the name and size of the coral nearest each of the outside
corners of the quadrat frame were also recorded for each toss. Only

colonies within a distance of one meter from the quadrat corners were
measured.

Species diversity was acquired by listing all the species that were
encountered during the point-quadrat sampling for frequency, density,
percent of substrate coverage, and size distribution data. Additional
species were also recorded from observations made during the study period
by snorkeling and scuba diving in the general area of each sediment trap
station,

12



Results

Temperature, pH and salinity

The physical characteristics of the water (temperature, pH and
salinity) varied significantly from day to day in both Fouha Bay and
Ylig Bay (Tables 1-6). There were no significant differences between
stations with either pH or salinity, partly because they both varied
greatly between dates across all stations (Tables 3-6). For example,
all stations in the bays might have lower salinities after a heavy rain.
No stations in these bays appeared to vary in a significantly different
manner from other stations in either pH or salinity,

In Fouha Bay, a relatively small bay, there were no significant
differences in water temperatures between stations (Table 1). This was
partly because they all varied together between dates. In Ylig Bay, a
larger bay, there was a very slight temdency for Station S-2 to have
higher temperatures than the other stations. This was probably because
Station S-2 was farther back into a shallow embayment off the main river
channel than were the other stations. Partly because of this, there was
a difference (just barely significant) between stations for water temp-
erature in Ylig Bay (Table 2).

Temperature, pH and salinity were found to be of no value in our
study as environmental factors to correlate with characteristics of the
reef community. These environmental factors are of importance in influ-
encing the characteristics of reef communities on a larger scale, but
within the scale of our study areas these factors all varied significantly
with time. There were no very significant differences between stations,
therefore we cannot correlate reef characteristics with these environ-
mental factors.within these bays.

Nitrates and phosphates

i

As with temperature, pH and salinity, the nitrate and phosphate
levels in the water generally varied so greatly between sample dates that -
it was very difficult to demonstrate differences between stations. Phos-
phate levels varied significantly between dates in both Fouha Bay and
Ylig Bay and nitrate levels varied significantly between dates in Fouha
Bay (Tables 7-9).

The variation from measurement error or differences in nitrate and
phosphate levels was very great between water samples taken only moments
apart. Variations between replicate samples at each station were so great
that no significant differences could be found between stations on a
given day in terms of phosphate levels in the water along the north side
of bays versus the south sides in either bays (Fouha or Ylig), between

13



Table 1. Temperature (OC) of the water near the mouth of the sediment
traps at the ten stations in Fouha Bay on the four collecting
dates at 3-month intervals through the year.

Collection Dates

23 111 15 VI 22 IX 15 XII
STATIONS 1977 1977 1977 1977
§-1 27.9 29.0 30.2 28.2
S -2 28.0 28.9 29.8 28.2
§-3 28.2 28.8 29.2 28.2
S -4 28.0 28.9 30.5 28.3
S-5 28.3
N-1 28,0 29.0 30.1 28,2
N -2 27.9 28.9 30.1 28.2
N-3 28.4 28.9 30.4 28,2
N-4 28.0 29.0 29.8 28.2
N-5 28.3
Source of
variation df MS Fg
Dates 3 6.38 128 #*%
Stations 7 .055 1.10 ns
Error 21 . 0499
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Table 2. Temperature (°C) of the water near the mouth of the sediment
traps at the eight stations in Ylig Bay on the four collecting
dates at 3-month intervals through the year.

Collection Dates

30 111 22 VI 29 IX 22 X11
STATIONS 1977 1977 1977 1977
s$-1 28.1 30.5 28.7 28.5
§-2 28.1 30.3 30.2 | 29.0
S§-3 27.3 29,6 29,65 28.0
S=-4 27.2 29.8 29.45 27.9
N-1 27.6 29.6 29.6 28.0
N-2 27.7 29.8 29.8 28.5
N-3 27.5 30,2 29.7 27.8
N-4 27.4 29.6 29.75 27.85

Source of

variation df MS Fs

Dates 3 9.84 92.3%%%

Stations 7 .286 2.68%

Error 21 . 1066
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Table 3.

Collection Dates

Water pH near the sediment traps at the ten stations in
Fouha Bay on the four collecting dates at 3-month intervals
through the year,

23 111 15 VI 22 IX 15 XII
STATIONS 1977 1977 1977 1977
S-1 8.0 8.0 7.7 8.4
s -2 8.0 8.0 7.7 8.4
§-3 8.1 8.0 7.6 8.2
S-4 8.05 7.9 7.8 8.2
$-5 8.25
N-1 8.1 8.0 7.7 8.1
N-2 7.95 7.9 7.8 8.1
N-3 7.95 7.9 7.8 8.3
N-4 8.05 7.9 7.7 8.15
N-5 8.15

Source of ,

variation df 'MS Fs

Dates 3 .3502 48, 4Rk

Stations 7 .0044 .603 ns

Error 21 .0072
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Table 4. Water pH near the sediment traps at the eight stations in
Ylig Bay on the four collecting dates at 3-month intervals
through the year.

Collection Dates

30 111 22 v1 29 IX 22 XII
STATIONS 1977 1977 1977 1977
s-1 8.1 - 7.55 7.8 8.2
S -2 8.2 7.5 8.0 8.2
s-3 8.1 7.45 8.1 7.7
S -4 8.1 7.45 8.0 - 7.9
N=-1 8.1 7.6 7.9 8.0
N-2 8.1 7.55 8.1 8.1
N=-3 8.1 7.50 8.1 7.8
N-4 8.0 7.55 8.1 7.8
Source of
variation df MS ~ _Fs
Dates 3 1 36.3%%*
Stations 7 .01 .67 nms
Error ' 21 .0149 |
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Table 5 . Water salinity (°/..) near the sediment traps at the ten
stations in Fouha Bay on the four collecting dates at 3-

month intervals through the year.

Collection Dates

23 1IT 15 v1 22 IX 15 XII
STATIONS 1977 1977 1977 1977
s-1 34 35 33.3 36
S -2 36 38 33.3 35
S -3 36 35 33.3 35
S -4 36 35 34.4 36
S=-5 36
N-1 35.5 35 32.2 35
N-2 33 35 32,8 34
N=-3 35.5 35 33.3 34
N -4 35.5 35 34.4 35
N=-35 36
Source of
variation df _MS Fs
Dates 3 6.76 9,8%%
Stations 7 1.38 2.007 ns
Error 21 .690
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Table 6. Water salinity near the sediment traps at the eight stations
in Ylig Bay on the four collecting dates at 3-month intervals
through the year.

Collection Dates

30 11T 22 VI 29 IX 22 XI1
STATIONS 1977 1977 1977 1977
S-1 34 34.3 31 33
S -2 34.5 32 32 34
s-3 34 36 31.8 34
S -4 35 34 32 34
N-1 34.5 34 31.5 33
N-2 34 34 31.5 34
N-3 _ 35 34 31.5 34
N=-4 34 34 32 35
Source of
Variation df _Ms Fs
Dates 3 12,19 25,8%%%
Stations 7 . 466 .99 ns
Error 21 LAT74
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Table 7 . Phosphate levels (ug-at/l) in the water near the sediment traps
at the ten stations in Fouha Bay on the four collecting dates
at 3-month intervals through the year.

Collection Dates

23 III 15 VI 22 IX 15 XII
STATIONS 1977 1977 1977 1977
S-1 Jd1 A .20 .22 .19
S -2 .12 .18 .19 .18
§-3 .13 .20 .16 14
S~ 4 .14 .16 .15 .14
§=-5 | 19.
N-1 12 .24 18 19
N-2 11 .14 17 18
N-3 13 .18 20 19
N-4 11 .15 16 17
N-5 .15

Source of

variation _df MS Fs

Dates 3 .00695 - 24, 3%x%

Stations 7 .0009 3.12%

Error 21 .0003
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Table 8 .

Phosphate levels (ug=-at/l1l) in the water near the sediment
traps at the eight stations in Ylig Bay on the four
collecting dates at 3-month intervals through the year.

Collection Dates

30 I1I 22 VI 29 IX 22 X11
STATIONS 1977 1977 1977 1977
s-1 .19 .09 .09 .19
§ -2 .16 .08 .09 .13
S-3 .18 .10 .10 .23
S -4 .19 .10 12 .20
N-1 | .19 .16 .19 .20
N=-2 .05 .10 .10 .12
N-3 .23 .08 .11 .14
N-4 .13 .07 .14 .13

Source of

variation df _MS Fs

Dates 3 .0093 8.2%

Stations 7 .0033 2.9%

Error 21 .0011
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Table 9. Nitrate levels (ug-at/l) in the water near the sediment traps
at the ten stations in Fouha Bay on the four collecting dates
at 34month intervals through the year.

Collection Dates

23 111 15 VI 22 IX 15 XII
STATIONS 1977 1977 : 1977 1977
$=-1 .25 .95 .21 1.8
S -2 .49 1.2 .28 .59
S -3 .39 .80 .37 ' .22
S -4 .42 .82 .41 .17
S -5 .17
N-1 42 41 .21 14
N -2 35 2.0 .23 32
N-3 74 1.2 .34 47
N -4 .28 .46 28 18
N-5 .27

Source of

variation df MS Fs

Dates l 3 .738 4,9%

Stations 7 .156 1.04 ns

Error 21 L1506
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Table 10, WNitrate levels (ug-at/1) in the water near the sediment traps
at the eight stations in Ylig Bay on the four collecting dates
at 3-month intervals through the year.

Collection Dates

30 111 22 VI 29 IX 22 XI1

STATIONS =~ =~ =~ 1977 = 1977 - °1977 0 1977
s-1 .62 1.3 2,6 | .70
§-2 12 - .32 1.3 1.4
s-3 21 4.3 .98 .40
S-4 28 .77 2.1 73
N-1 .18 .45 1.3 .63
N-2 16 .36 .65 .36
N-3 .21 .29 70 .55
N -4 18 .56 89 .53

Source of

variation df MS Fs

Dates 3 1.77 2.99 ns

Stations 7 .6127 1.04 ns

Error 21 .5915
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stations along a river mouth to the seaward gradient in either of the
bays, or in the interaction between the side of the bay and the position
along the seaward gradient (Tables 11 and 12). Similarily, no significant
differences in nitrate levels could be found between any of these arrays
of stations in Fouha Bay (Table 13).

A part of the variation between replicate samples in this study was
undoubtedly caused by problems with laboratory methods, but probably
another part of the variation was caused by changes in tidal state, wave
action, turbulence, time of day, currents and weather. These sources of
variation along with variation between dates were so large that precise
measurements from a moment in time were of little, if any, value to our
studies of the characteristics of the reef community within the scale of
the studies. For these measurements to be of value, they should be taken
very frequently or, alternatively, with_some integrative measurement such
as that by which suspended sediment load was determined. If this could
be done, the measurements of nitrates and phosphates might be of value.

There appears to be a general trend for a decrease in nitrate and
phosphate contents of water between river mouth and seaward statious.
However, this trend was very vague. Statistical tests were performed on
the eight possible comparisons of near shore versus offshore stations for
phosphate or nitrate levels in water from the north or south sides of
Fouha Bay or Ylig Bay. Only onme of these comparisons showed a significant
difference. There was a significantly greater concentration (tg[¢]=3.708%%)
of phosphates at the nearshore Station N-1 (.18 ¥ .02 mg - at/1) than at
the offshore Station N-4 (.12 t .03 wg - at/1) in Ylig Bay. However,
there was a lower concentration of phosphates at the nearshore Statiom
S-1 than at the offshore Station S-4., Therefore, the general trend for
a reduction in nutrients from nearshore to offshore stations was very
weak 1f it existed at all. There was a significant difference between
pairs of stations in Fouha Bay in terms of phosphate levels in the con-
tinuous gradient from nearshore to offshore stations (Table 7).

A paired comparison by a two-way anova with a randomized block
design was made between comparable stations on north and south sides of
each bay (Table 15). There were no differences’in phosphate levels on the
two gides in either bay. However, there was a significantly greater
concentration of nitrates in the water along the south side of Ylig Bay
than along the north side (Tables 14 and 15).

In summary, the variations between replicate samples and between
dates were so great for the nitrate-and phosphate data that it was dif-
ficult to determine any significant trends. There was a vague tendency
for nitrateg and phosphates to decrease along a nearshore to offshore
gradient and there was a significantly greater concentration of nitrates
along the south shore than along the north shore of Ylig Bay.
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Table 11. Phosphate levels (ug-at/%) in replicate samples in the

water near the sediment traps at the ten stations in Fouha

Bay on 15 XIT 1977.

STATIONS NORTH SOUTH z
1 .18 17 .75
.20. , .20
2 .18 .20 .71
17 .16
3 .17 .14 .65
.20 14
4 .15 .13 .61
.18 .15
5 .15 .20 .66
.14 .17
z 1.72 1.66 3.38
Source of Variation df MS Fs
North versus South 1 .00019 .6 ns
Stations along a seaward gradient 4 .00078 2.5 ns
Interaction of stations and side of bay 4 .00108 3.4 ns
Error 0 .00031 '—_
Table 12. Phosphate levels (ug-at/%) in replicate samples in the
water near the sediment traps at the eight stations in
Ylig Bay on 1 IT 1978, ‘
STATIONS NORTH SOUTH L
1 .13 .21 .79
.28 A7
2 12 .11 .49
.12 .14
3 .14 .32 .73
14 .13
4 .13 .23 .65
.13 .16
L 1.19 1.47 2,66
Source of Variation daf MsS Fs
North versus South 1 .0055 1.34 ns
Stations along a seaward gradient 3 .0042 1.02 ns
Interaction of stations and side of bay 3 .0022 .54 ns
Error : 8 .0041 -



Table 13. Nitrate levels (ug-at/%) in replicate samples in the water
near the sediment traps at the ten stations in Fouha Bay
on 8 II 1978.
STATION NORTH SOUTH X
1 .14 .11 3.88
3.47 .16
2 .34 .20 1.81
.84 .43
3 .23 45 1.36
.20 .48
4 .09 14 71
.25 .23
5 .04 .27 .88
.30 .27
z 5.9 2.74 8.64
Source of Variation df MS Fs
North versus South 1 497 .86 ns
Stations along a seaward gradient 4 . 408 .71 ns
Interaction of stations and side of bay 4 . 607 1.05 Eg
Error : 0 .576
Table 14. Nitrate levels (ug-at/%) in replicate samples in the water
near the sediment traps at the eight stations in Ylig Bay
on 1 IT 1978.
STATION NORTH SOUTH z
1 .48 .97 2.66
77 b4 ‘
2 .29 1.7 3.63
W44 1.2
3 .73 48 1.89
.37 .31
4 .68 73 2.51
.37 .73
b 4.13 6.96 10.69
Source of Variation df MS Fs
North versus South 1 .353 6.19%
Stations along a seaward gradient 3 .121 2.12 ns
Interaction of stations and side of bay 3 . 286 5.02%
Error 8 . 057



Table 15. Pailred comparisons of station S-1 versus N-1, S-2 versus N-2,
S-3 versus N-3 and S-4 versus N-4, in terms of nitrate and
phosphate contents of the water with all comparisons made
between samples taken on the same dates, The data are given
in Tables 11 through 14. The results of two—way anova are

"given here.

a) Nitrate levels in Fouha Bay

df MS Fs
North versus South side of the bay 1 .045 .34 ns
Station pairs 16 .273 2.06 ns
Error 16 .133
b) Phosphate levels in Fouha Bay
df MS Fs
North versus South side of the bay 1 .000026 .06 ns
Station pairs 16 L0018  4.26%%
Error 16 . 0004
¢) Nitrate levels in Ylig Bay . '
df MS Fs
North versus South side of the bay 1 3.02 6.71%
Station pairs 15 .83 1.84 ns
Error 15 .45
d) Phosphate levels in Ylig Bay
df MS Fs
North versus South side of the bay 1 -.0003 .18 ns
Station pairs 15 .0034 2.14 ns
Error 15 .0016
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Suspended sediment load

Measurements of suspended sediment loads were made for eight com-
tinuous 6-week periods of time at each of our stations in both Fouha Bay
and Ylig Bay (Tables 16 and 17). (Some of the samples are missing because
the missing sediment load trap tubes were torn away by heavy wave action.
Two of the time periods were longer than six weeks because hazardous
wave conditions prevented us from collecting them on schedule. Each of
the data for the delayed collection were adjusted for comparison with
data from 6-week exposures as explained at the bottom of the tables.)

In contrast to our nitrate and phosphate data, our continuous sampling:
of suspended sediment loads in tubes provided us with data that had es-
sentially negligible variance between replicate samples (error variance,
cf. Tables 18 and 19). Because of this, we could clearly determine the
sources of variance (Tables 18 and 19). There was a significant difference
between the suspended sediment loads from each of the stations. These
differences were caused in large par* by a major decrease in suspended
sediment load along a gradient from the river mouth towards the open sea.
The stations also differed significantly in a comparison of counterpart
stations on the north and south sides of the bay. All stations on the
south gide of the bays differed from their counterpart stations on the
north sides of the bays. However, the direction of these differences
alternated. In Fouha Bay, Stations N-1, 8-2, N-3 and S-4 had greater
average suspended sediment loads than their respective counterparts S-1,
N-2, §-3 and N-4. In Ylig Bay, Stations S-1, N-2, S-3 and N-4 had greater
average suspended sediment loads than their respective counterparts N-1,
§-2, N-3 and S-4.

There were also very significant differences between the average °
suspended sediment loads from different 6-week time . periods (Tables 18
and 19). We observed these differences to be related to wave action. -
After periods of storm and heavy wave action, our suspended sediment
load measurements were always larger.

The direction and strength of winds and wave action on both of the
bays varied between time periods to the extent that the relative dif-
ferences between stations changed with time, i.e., there was a significant
interaction between time periods and stations (Tables 18 and 19).

Ylig Bay is a relatively large bay, with relatively great distances
between stations, while Fouha Bay is smaller, with the statioms closer
together. Fouha Bay is generally protected from heavy wave action, but
when occasionally subjected to storm waves the entire small bay is strongly
affected. These aspects of a comparison between Fouha Bay and Ylig Bay
can be observed in Tables 18 and 19. Note that the variance (MS = mean
square) between 6-week periods is over three times as great as the var-
iance between stations in Fouha Bay, while the variance between statioms
is nearly three times as great as the variance between 6-week periods

]
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Table 18, Analysis of sources of variation in suspended sediment
load measurements in Fouha Bay,

Source of Variation df MS Fs
Between 6~week periods 3 80.3 177 .3%%*
Between stations 7 24.4 53.9%%%
Interaction of stations with 6-week periods 21 8.9 19.7%%%
Error (between 4 tubes at each station) 96 453

Table 19. Analysis of sources of variation in suspended sediment
load measurements in Ylig Bay.

Source of Variation df MS Fs

Between 6-week periods 6 967.6  323%%*
Between stations 7 0 2711.9  904%%*
Interaction of stations with 6-week periods 42 343.8 114, 6%%%
Error (between 4 tubes of each station) 168 2.999

Table 20. Average suspended sediment load measurements (gms dry weight)
for 4.4 cm? I.D. tubes over 6-week periods at sampling stations

in Fouha Bay and Ylig Bay from March 1977 through February 1978.
(Refer to the text for the method of calculation used.)

SIDE OF BAY
STATION SOUTH NORTH
Fouha Bay
1 38.8 42.1
2 24,65 18.5
3 6.04 11.9
4 6.25 1.24
5 38.6 4.20
Ylig Bay
1 33.1 18.2
2 4.62 8.50
3 5.76 4,22
4 3.50 4.42
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in Ylig Bay.

The differences in average suspended sediment load between stations
might be related to characteristics of the marine communities at these
stations. To obtain a comparative index of the suspended sediment load
for each station, an average was taken over the eight 6-week period
measurements for each station for which all eight sets of measurements
were available (Table 20). Since data were missing for some of the
stations during certain 6-week periods, and because there were signi-
ficant differences between 6-week periods, the relative magnitudes of
available measurements on suspended sediment loads from stations with
missing 6-week periods were compared with measurements from the same
6~week periods from data of stations with complete data for eight 6-week
periods. Because of the significant differences between 6-week periods,
the average of suspended sediment load measurements from the incomplete
stations were multiplied by a factor of a mean ratio from the complete
stations of the total eight 6-week periods average from each station
divided by the average of those 6-week periods that were available in
the incomplete stations and were used in the comparisons. Although
this derived index is weak because there is a significant interaction
between stations and 6-week periods, the variance from the interaction
is much less than the variances from the 6-week periods and stations
(Tables 18 and 19). Therefore, the index we use is permissible and it
is the best one we can derive under the circumstances.

Corals

The results of the survey of characteristics of the coral community
are presented in Tables 21 to 29 and are discussed in the following section
in relation to the suspended sediment load measurements. The distributions
among the eight stations in both of the bays of each of the 161 species
of corals are given in Table 21. The data on abundance and prevalence of
each of the coral species are given in Table 22 for Fouha Bay and in Table
23 for Ylig Bay. Size distributions of coral populations on different
zones of the reef are given for each of the stations for Fouha Bay in
Table 24 and for Ylig Bay in Table 25. Frequency distributions for coral
colony diameters for each of the zones at each of the stations are given
in Tables 26 and 27 and the frequency distributions of colony growth forms
are given in Tables 28 and 29. :
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Discussion

As we moved along the river channel in the bay from the river mouth
towards the open sea, there was a marked decrease in suspended sediment
load and there was a marked increase in the complexity of the coral
community. There was a six-fold (south side of the bay) to thirty-four-
fold (north side of the bay) decrease in suspended sediment load between
the first and fourth stations in Fouha Bay and a four-fold (north) to nine-
fold (south) deerease in suspended sediment load between the first and fourth

stations in Ylig Bay (Table 20). As we moved out of Fouha Bay to the fifth
station, the suspended sediment load began to increase again (Table 20). This

was possibly because heavier wave action on the open coast kept more materials
in suspension.

As the suspended sediment load generally decreased along the shore-to-
seaward gradient, the complexity of the coral community and the prevalence of
corals generally increased. Between the first and fourth stations in both
Fouha Bay and Ylig Bay, the numbers of coral species increased from less than
ten to over one hundred (Table 21), the number of genera of corals increased
from less than ten to thirty-five or over (Table 21), and the percent of the
solid substrate occupied by corals increased from less than 27 to over 12%
(Tables 22 and 23).

If the average suspended sediment load for 4.4 em? over 6-week periods
was in the range of 30 to 40 gms dry weight, then we would expect a de-
pauperate coral community of less than 10 species covering less than 2% of
the solid substrate to persist, If the average suspended sediment load was
in the range of one to 6 gms dry weight, then we would expect a rich coral
community of over 100 species covering over 12% of the solid substrate to
develope. Suspended sediment loads with ranges between the above ranges 3
would produce coral communities with intermediate species richness of corals
and proportions of solid substrata occupied by corals.

Suspended sediment load is one of many factors that influence the
structures of the coral communities in Fouha Bay and Ylig Bay. Water temper-
ature, pH, salinity, nitrate content and phosphate content may influence
the structures of coral communities on a larger scale of reference, but with
the scope of this study in the two bays, these factors varied with time to
such a large extent that the differences in magnitude of these factors
between stations was generally negligible or confused..

When comparing the size distributions of the coral populations at
the different stations, we find the third stations to have the most evenly
proportioned size distributions (Tables 26 and 27). This suggests that
recruitment and mortality may be relatively regular and therefore the
populations of corals may be relatively stable at the third statioms. At
the other stations, there are relatively more corals in the small size
classes and relatively few in the large size classes. This suggests that
even if recruitment is greater, the mortality is also greater. Even the
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fourth stations appear to have a higher rate of turnover in the coral
populations than do the third stations. The relative evenness of distri-
bution into size classes in the third stations suggests that both re-
cruitment and mortality are relatively less sporadic than at other

stations.

A similar examination of size distribution of the coral popula-
tions between the margins, the upper slopes, the lower slopes and the
floors reveals that the coral populations on the slopes have the most
even age distributions (Tables 26 and 27). The upper slope populations
appear to have relatively steady recruitment with the greatest survival
of juveniles to adulthood and old age. The lower slope populations
are also relatively stable, but there appears to be more turnover, i.e.,
there is relatively more recruitment and fewer corals in the larger size
classes on the lower slope than on the upper slope. The populations on
the reef margin appear to have a lot of recruitment, but also high
mortality. The coral populations on the channel floor are very
depauperate because of very low success of recruitment. This is pro-
bably mainly because of the accumulation of sediments on the channel.
floor which usually bury and smother settling planulae and juvenile
corals,
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